Background: Bilirubin encephalopathy is a significant health problem in developing countries. Understanding regional practices in comparison with international standards is needed to assess the safety and efficacy of our local management practice. Methods: This retrospective study included all neonates ($35 weeks gestation) with hyper bilirubinemia who were admitted to the three main neonatal units in northern Jordan between January 2007 and January 2009. Demographic variables and risk factors were collected. Management of hyperbilirubinemia in the absence of national guidelines was compared with that recommended by the American Academy of Pediatrics. Results: Four hundred and sixteen infants were admitted with hyperbilirubinemia and received phototherapy. The phototherapy threshold was met in only 210 (50%) of infants. Seventy infants (17%) received exchange transfusion, and the threshold was met in 60 (86%) infants. Only 50% of infants who needed exchange transfusion received the procedure. Conclusion: Despite the high rate of unnecessary phototherapy, exchange transfusion was performed in one of every two infants who met the international criteria for the procedure. Studies are needed in our country to evaluate the impact of this practice on infants with hyperbilirubinemia.
Introduction
Neonatal jaundice and its complications still represent a major health challenge in many developing countries, and contribute to both neonatal mortality and morbidity. 1, 2 A recent report from Egypt reported that bilirubin encephalopathy occurred in 14% of infants with severe hyperbilirubinemia. 3 There are no national practical guidelines for management of neonatal jaundice in Jordan. Treatment of this problem is not standardized, and may vary from one institution to another and from one physician to another. The American Academy of Pediatrics (AAP) in 1994 agreed on guidelines for the management of neonatal jaundice in healthy term infants. 4 In 2004, an update of these guidelines was issued that included healthy, atrisk, and nearterm infants. 5 Few studies have addressed the impact of the AAP guidelines on the management of neonatal jaundice. [6] [7] [8] However, there is evidence showing decreased admission and readmission rates in neonates with jaundice, as well as a decrease in use of exchange transfusion. 9 In Jordan, there is little published literature describing neonatal jaundice and its management. 10 AbuEkteish et al reported the rate of exchange transfusion over a 6year period to be 0.46%, with an annual reduction noticed in the exchange transfusion rate. 11 Although national guidelines do not exist, many pediatricians rely on the graphs included in the AAP guidelines to decide on the need for phototherapy or exchange transfusion. However, use of these procedures in neonates with jaundice is not well studied or standardized. Evaluation of adherence with AAP guidelines by pediatricians and neonatologists in Jordan should shed light on current practices in the management of this problem in a developing country outside the US.
This study describes the incidence and risk factors for sig nificant neonatal jaundice, and predictors of use of exchange transfusion in treatment of the disease in the north of Jordan. The level of agreement between local management of sig nificant neonatal jaundice and the recommendations made in the AAP guidelines in 2004 is also assessed.
Materials and methods
Three main neonatal intensive care unit (NICU) facilities in the north of Jordan were included in this study. One is the main unit of the only military hospital in the north of Jordan, another is part of the main Ministry of Health children's referral hospital, and the other is part of a tertiary university referral hospital. These hospitals cover all health care sectors in the north of Jordan and are where almost all local exchange transfusions are done. This retrospective study included all neonates who were $35 weeks' gestation, weighed $ 2000 g, and were admitted to any of these three main referral centers for treatment of neonatal jaundice. Cases admitted were identified from the database of each hospital for the period between January 1, 2007 and January 1, 2009. Data were collected by reviewing medical records and completing a structured data sheet that included all independent variables that might have contributed to the development of severe hyperbilirubinemia. A trained research assistant extracted the relevant data from medical records. The data sheet included information for gender, gestational age (,38 weeks or $38 weeks), birth weight (#2500 g or .2500 g), family history of neonatal jaundice (in a previous sibling), type of feeding (exclusive breast feeding or otherwise), whether the newborn was admitted from an infant nursery or from home, or was referred from another hospital, age of the newborn at presentation in hours, maternal blood group (type O or nontype O), ABO incompatibility, Rhesus factor (Rh) incompatibility, glucose 6phosphate dehydrogenase deficiency, Coombs test result, sepsis, other hemolytic diseases, clinical status on admission (considered abnormal if there was decreased activity or a neurological finding), presence of urinary tract infection, cephalohematoma on physical examination, and whether the infant had received intravenous immunoglobulin. Data concerning treatment used, such as phototherapy or exchange transfusion, were also obtained. ABO and Rh incompatibility were considered to be present when the difference between mother and infant blood groups in a jaundiced infant is a setup of blood group incompatibility.
Using data on risk factors, each case included was classified as low, medium, or high risk according to the 2004 AAP guidelines for treatment of neonatal jaundice. Each case was plotted on the 2004 AAP neonatal jaundice graphs showing risk groups and the corresponding treatment recommendations. These plots were used to compare what the infants received as treatment and what they should have received if the AAP guidelines were followed.
The data were analyzed using the SPSS15.0 software program (SPSS Inc, Chicago, IL, USA). Descriptive data are presented as number of cases, percent, mean, and standard deviation. The statistical relationship (P value) of the inde pendent variables was analyzed using the Chisquare test. P , 0.05 was considered to be statistically significant.
Results
A total of 416 neonates hospitalized with hyperbilirubinemia were identified for this study, and included 177 (42.5%) new borns from King Abdullah University Hospital, 148 (35.6%) from Princess Rahma Teaching Hospital, and 91 (21.9%) from Prince Rashid Teaching Hospital. In total, 273 neonates (65.8%) were admitted straight from home, 124 (29.9%) were admitted from an infant nursery, and 18 (4.3%) were referred from other hospitals.
According to Jordan statistics for 2007 and 2008, there were about 55,000 births in Irbid within the twoyear period of the study. 12 An estimated 76 neonates were admitted with jaundice for every 10,000 births (0.76%), and the proportion needing exchange transfusion was 0.13% during the study period. The proportion of neonates with a peak total serum bilirubin level $ 20 mg/dL would be one in 355 births (155 in 55,000) and one in 948 births with a peak total serum bilirubin level $ 25 mg/dL (58 in 55,000) over the twoyear study period. ABO incompatibility was found in 183 (44.68%) patients and Rh incompatibility in 41 (10%). Fortyfour (14.1%) patients were reported to have glucose6phosphate dehydrogenase deficiency.
The characteristics of the subjects included in this study are shown in Table 1 . Table 2 shows use of exchange trans fusion according to different patient characteristics and risk factors, as well as infants who exceeded the AAP threshold for exchange transfusion according to risk factors. All neonates with hyperbilirubinemia admitted to a NICU received phototherapy. According to the AAP guideline graph, only 210 (50.5%) newborns met the AAP guideline criterion for phototherapy. Only 70 (16.8%) underwent exchange transfusion, despite the fact that 123 (29.5%) met the AAP guideline criterion for exchange transfusion. Analysis of the data shows that the majority (85.7%) of newborns treated with exchange transfusion met the AAP criterion for exchange transfusion (P , 0.001).
Only 10 of the 70 patients (14.3%) who received exchange transfusion did not meet the AAP criterion for exchange transfusion. Five of these neonates had a total serum bilirubin level . 20 mg/dL. In five infants, the exchange transfusion level was total serum bilirubin , 20 mg/dL, but they were found to have a rapid rise in levels after exchange transfusion. One neonate with Rh isoimmunization underwent exchange transfusion shortly after birth at a bilirubin level of 6.4 mg/dL, but the reasons for this were not explained in the patient's medical records.
Discussion
This study describes the level of adherence in Jordan with the 2004 AAP guideline for treatment of significant neona tal hyperbilirubinemia. The results of this study show that half of all patients admitted with neonatal jaundice did not reach the threshold level for phototherapy recommended by the AAP guideline. Most newborns who underwent exchange transfusion met the relevant criteria. However, about one in every six cases underwent exchange transfu sion without reaching the threshold level recommended by the AAP, indicating nonadherence with the guidelines and indicate more concern for bilirubininduced neurotoxicity among Jordanian doctors. Ten patients underwent exchange transfusion without reaching the threshold, suggesting that many Jordanian pediatricians are more liberal in the use of exchange transfusion. One infant with Rh incompatibility underwent exchange transfusion at a bilirubin level , 7 mg/ dL, but his medical record did not explain the reason for this. The rate of exchange transfusion in this study is about 30% lower than that described in Jordan more than 10 years ago. This may reflect early detection of hyperbilirubinemia, more awareness of risk factors, and better followup of highrisk cases. A more liberal approach to severe hyperbilirubinemia has been reported by a large pediatric group in the US. New man et al described the outcomes for 140 newborns with total serum bilirubin levels . 25 mg/dL, where exchange transfu sion was only undertaken in five cases. That study reported similar developmental outcomes in neonates with severe hyperbilirubinemia and in controls without jaundice. 9 Approximately half of the newborns identified by this study did exceed the threshold for exchange transfusion were treated only with phototherapy. Flaherman et al evalu ated infants in the setting of universal screening for hyper bilirubinemia and found that only one of 22 infants who exceeded the AAP threshold actually received exchange transfusion. 13 In a crosssectional study of adherence with the 1994 AAP guidelines, Atkinson et al showed that photo therapy was administered to only half of the neonates who met the AAP guideline recommendations for phototherapy, and only 0.2% of infants who did not meet the threshold received phototherapy. 14 Manning et al, when reporting on 102 infants with severe hyperbilirubinemia (total serum bilirubin . 30 mg/dL) in the UK and Ireland, showed that only 48 infants (less than 50%) received exchange transfusion and only 14 showed evidence of bilirubin neurotoxicity. 15 In our study, 58 infants had a bilirubin level . 25 mg/dL and 39 (about two thirds) received exchange transfusion, suggesting that we are more liberal in our use of this treat ment than Western centers. In this study, 27.5% of children with abnormal findings on presentation underwent exchange transfusion, while 14% with a normal examination under went exchange transfusion. Salas et al recently described outcomes in infants with severe hyperbilirubinemia treated with exchange transfusion, and concluded that all those presenting with signs of advanced bilirubin encephalopathy went on to have permanent neurological deficits. 16 our study did not allow for accurate followup of infants with an abnormal clinical examination, and further research on bilirubin encephalopathy is needed to understand the mag nitude of this problem. One important and significant risk factor for hyperbilirubinemia requiring exchange transfusion in our study was admission from home or transfer from other hospital. Inadequate risk assessment and poor followup of neonates with significant risk factors have been shown to be the main reasons for late presentation with severe hyperbilirubinemia. 18 presentation of severe hyperbilirubinemia after discharge to home may justify the liberal approach of pediatric physicians in Jordan when admitting and treating jaundiced infants with lower bilirubin levels.
Conclusion
Health care providers in Jordan are more liberal in admitting infants with jaundice for phototherapy. Exchange transfusion is often done in infants without meeting the threshold for such an invasive procedure. Referral from outside hospital and higher bilirubin level were the best predictors of use of exchange transfusion. Future studies on outcomes in patients with severe hyperbilirubinemia are needed to evaluate the safety and efficacy of our practice in preventing the compli cations of severe hyperbilirubinemia.
